Introduction
With the continuous development of the social economy, people's way of life has undergone profound changes. 1 In addition, due to the aging of the population and the accelerated process of urbanization, the prevalence of cardiovascular disease risk factors is increasing year by year, which leads to an increasing number of cardiovascular diseases. [2] [3] [4] According to some research reports, cardiovascular disease is the leading cause of death among urban and rural residents in China. [5] [6] [7] Coronary heart Drug Design, Development and Therapy 2018:12 submit your manuscript | www.dovepress.com
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Ye et al disease (CHD) is one of the most common cardiovascular diseases, and its mortality has also been on the rise in recent years. [8] [9] [10] In general, the increasing burden of cardiovascular diseases has become a major public health problem all over the world. [11] [12] [13] The results of a clinical study showed that percutaneous coronary intervention (PCI) is an effective way to treat CHD. 14 However, periprocedural myocardial injury (PMI) 15, 16 is a common complication of elective PCI. Previous studies have shown that PMI can directly reduce myocardial cell viability and cardiac function. 17 Furthermore, PMI can lead to various serious events. 18, 19 Therefore, preventing PMI during elective PCI is a key concern of clinicians.
Nicorandil, an N-nicotinoyl nitrate drug, which can lead to diastolic coronary artery dilation, antagonizes platelet activation and eliminates inflammatory mediators, is used to treat various ischemic and cardiovascular diseases. 16, 20 Previous studies have shown that nicorandil used in PCI can improve myocardial perfusion and reduce the incidence of PMI. 16, 21, 22 However, this conclusion is still controversial. Some scholars have noted that nicorandil can significantly prevent myocardial injury during PCI, 21, 23, 24 while other scholars have indicated that nicorandil has no protective effect on myocardial injury. 22 For example, Miyoshi et al 25 found that intravenous use of nicorandil did not reduce the incidence of perioperative myocardial injury. In contrast, Isono et al 26 noted that nicorandil significantly reduced the incidence of perioperative myocardial injury and improved left ventricular wall motion. Interestingly, our previous meta-analysis indicated that nicorandil reduced PMI and reduced the incidence of adverse reactions in Chinese patients following elective PCI, but this phenomenon was not obvious for nonChinese patients. 16 Therefore, we performed the PEN-MIPCI (Protective Effects of Nicorandil on Myocardial Injury after Percutaneous Coronary Intervention) trial to evaluate the efficacy and safety of nicorandil on PMI in patients undergoing elective PCI.
Methods
The data, analytic methods, and study materials will not be made immediately available to other researchers for the purposes of reproducing the results or replicating the procedure. Requests for these materials can be sent to the corresponding author (LL), and if the applicant is approved as qualified for access to the data, we will provide the data as well as information regarding the analytic methods and study materials.
study design
The PENMIPCI trial is a single-center, randomized, open-label trial conducted at the First Affiliated Hospital of Guangxi Medical University, Nanning, Guangxi, China. The detailed design of the study has been described at http://www.chictr. org.cn/. The flow chart for this study is shown in Figure 1 . In summary, a total of 164 patients who underwent elective PCI were included in this study. Ultimately, 146 patients who underwent elective PCI were randomly assigned to two groups after providing informed consent: the control group (who received aspirin 100 mg daily + clopidogrel 75 mg daily) and the nicorandil group (who received aspirin 100 mg daily + clopidogrel 75 mg daily + nicorandil 5 mg, 
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nicorandil and perioperative myocardial injury three times a day). The use of nicorandil was as follows: 5 mg of nicorandil was taken orally for 3 days before PCI and 7 days after PCI. All patients were given beta-blockers, angiotensin-converting enzyme inhibitors, or angiotensin II receptor blockers and statins according to the current guidelines. Data analysis was carried out independently by the researchers. The corresponding authors (Lang Li and Qiang Su) had the right to access all study data and bore the ultimate responsibility for the decision to submit the data for publication. This study was approved by the ethical committee of the First Affiliated Hospital of Guangxi Medical University (approval number: 2017 (KY-E-026; http://www. chictr.org.cn/). All participants were informed of the study and provided written informed consent. In addition, this study was conducted in accordance with the tenets of the Declaration of Helsinki.
study patients
The inclusion criteria were as follows: patients with CHD scheduled for elective PCI at the First Affiliated Hospital of Guangxi Medical University; aged 18 to 75 years old; male or non-pregnant females; coronary blood flow of more than TIMI2 (thrombolysis in myocardial infarction, TIMI) after PCI; and no potassium channel openers within 1 month before enrollment. The exclusion criteria were as follows: acute coronary syndrome (including unstable angina, ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction); severe cardiac insufficiency (New York Heart Association [NYHA] $ III class or left ventricular ejection fraction [LVEF] less than 40% as measured by echocardiography); severe liver and renal insufficiency (estimated glomerular filtration rate #30%); bleeding tendency; gastrointestinal bleeding; history of a malignant tumor, such as lung cancer, primary liver cancer and digestive tract malignant tumors; allergy to antiplatelet drugs or anticoagulant drugs; scheduled coronary artery bypass grafting treatment; severe valvular heart diseases; autoimmune diseases; and potassium channel medication use within 1 month of enrollment. Other detailed descriptions can be found at http://www. chictr.org.cn/.
randomization
Patients who met the inclusion criteria and exclusion criteria mentioned above were randomly assigned in a 1:1 fashion to the control group and nicorandil group using a random number table. This process was entirely conducted by the researchers, and no pharmacist or pharmaceutical company were involved in this process.
study endpoints and follow-up
The primary outcomes were the change in cardiac troponin T (cTnT) and creatine kinase-MB (CK-MB) at 12 and 24 hours after surgery. The secondary outcome was the incident of major adverse cardiac events (MACE) 30 days after the operation, which was a composite of cardiac death, nonfatal myocardial infarction, new heart failure or coronary revascularization. The serious adverse events mentioned above were checked and confirmed by two cardiovascular specialists according to the guidelines that were formulated. All patients were followed-up by telephone at 30 days after the operation.
covariant variables
We used the electronic medical records of the First Affiliated Hospital of Guangxi Medical University to collect the demographic characteristics, comorbidities and cardiac medications of all patients. The patient information included age, sex, diabetes, hypertension, dyslipidemia, smoking status, weight, height, body mass index (BMI), estimated glomerular filtration rate (eGFR), glutamic-oxaloacetic transaminase, alanine aminotransferase, low-density lipoprotein, highdensity lipoprotein, total cholesterol, triglycerides, uric acid, fasting blood glucose, hemoglobin A1C, brain natriuretic peptide, left ventricular end diastolic diameter (LVDD) and LVEF. The variables mentioned above were measured within 24 hours after admission. Echocardiography was usually performed within 24 hours after admission by two echocardiography experts.
Treatment and procedure
The drugs used before and after PCI were given in accordance with the accepted guidelines and practice standards. The PCI procedure and perioperative anticoagulant therapy were carried out in accordance with the accepted guidelines.
statistical analysis
The hypothesis of this study is that nicorandil can reduce the incidence of PMI in patients undergoing ePCI compared with the control group. In our preliminary experiment, the incidence of PMI in the control group was 43.6%, while the incidence of PMI in the nicorandil group was 27.4%. With a two-sided alpha level of 5% and beta error of 20%, each group needed to recruit 66 participants. In addition, supposing that 10% of the participants in each group would be lost 
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In this study, the analysis was based on intention-totreat principles, and all patients involved in the study were included in the final analysis. The results are presented as the mean ± standard deviation or number + percent. Categorical variables were compared using the chi-squared test. We compared the mean values of continuous variables between the two groups by unpaired Student's t-test. Differences in the mean values of cTnT and CK-MB between baseline and 12 and 24 hours after operation were compared using repeated-measures analysis of variance.
The incidence of MACE events between the two groups was compared by multivariate logistic regression analyses with hazard ratios (HRs) and 95% confidence intervals (CIs). In addition, the Kaplan-Meier curve method and log-rank test were used in this study to compare the survival time of the two groups. We used the Cox proportional hazards model to estimate HRs between the two groups while adjusting for potential confounding factors, including age, sex, diabetes, hypertension, dyslipidemia, smoking status, weight, height, BMI, eGFR, glutamic-oxaloacetic transaminase, alanine aminotransferase, low-density lipoprotein, high-density lipoprotein, total cholesterol, triglycerides, uric acid, fasting blood glucose, hemoglobin A1C, brain natriuretic peptide, LVDD and LVEF.
Furthermore, we also carried out a subgroup analysis. All patients were stratified into six groups according to age (age .65 years or age ,65 years), sex (female or male), diabetes (yes or no), hypertension (yes or no), dyslipidemia (yes or no) and smoking status (yes or no). All reported probability values were two-sided with a P-value ,0.05 considered to be statistically significant. Data analysis was performed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corporation, Armonk, NY, USA), R statistical software version 3.3.2 (available at: www.r-project.org) and SAS software (SAS Institute Inc., Cary, NC, USA), version 9.2.
Results
Study flow chart
From October 2017 through April 2018, 164 patients were recruited in the present study; 82 patients were assigned to the nicorandil group and 82 patients were assigned to the control group. During this study, four patients declined to participate, three patients discontinued the study, and one patient was lost to follow-up in the nicorandil group; five patients declined to participate, four patients discontinued the study, and one patient was lost to follow-up in the control group.
Ultimately, 74 patients were included in the full analysis set in the nicorandil group and 72 patients were included in the full analysis set in the control group. The flowchart is shown in Figure 1 .
Baseline characteristics of study participants
There was no significant difference in the baseline characteristics between the two groups ( Table 1 ). The average age of the control group was 56.35±5.22 years, while the average age of the nicorandil group was 54.76±5.93 years (P=0.088). Females accounted for 25% of the control group and 24.32% of the nicorandil group (P=0.925). Additionally, no significant differences were observed between the two groups in terms of drug application and criminal vessel (Table 1) .
Primary outcome
The primary outcomes of this study were the changes in cTnT and CK-MB at 12 and 24 hours after surgery. There was no significant difference in cTnT (0.032±0.018 for the control group and 0.030±0.022 for the nicorandil group, P=0.549) or CK-MB (4.64±2.78 for the control group and 4.35±2.48 for the nicorandil group, P=0.501) between the two groups at admission ( Table 2 ). The levels of cTnT in the nicorandil group decreased significantly compared with those of the control group at both 12 hours (0.12±0.10 vs 0.15±0.12, P=0.012) and 24 hours (0.13±0.10 vs 0.17±0.12, P=0.030) after surgery ( Table 2 and Figure 2) . Similarly, the levels of CK-MB in the nicorandil group also decreased significantly compared with those of the control group at both 12 hours (12.31±7.93 vs 15.35±8.23, P=0.024) and 24 hours (11.13±5.71 vs 13.63±8.87, P=0.022) after surgery ( Table 2 and Figure 3) .
secondary outcome
During a mean follow-up of 24.12±3.00 days, nine patients (9/72, 12.50%) had MACE events in the control group and nine patients (9/74, 12.16%) had MACE events in the nicorandil group. A Cox proportional hazards model showed that no significant difference was observed in MACE events between the two groups (HR =0.99, 95% CI: 0.39-2.55, P=0.98) (Figure 4 ).
subgroup analyses of the secondary outcome among the two groups
In subgroup analyses, we found that nicorandil did not increase the incidence of MACE events, regardless of 
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Ye et al dyslipidemia: HR: 0.15, 95% CI: -1.11 to 1.39; without dyslipidemia: HR: -0.29, 95% CI: -1.97 to 1.43) and smoking status (current smoker: HR: -0.14, 95% CI: -1.27 to 1.03; non-smoker: HR: 0.11, 95% CI: -1.90 to 2.14) ( Figure 5 ).
Discussion
Main findings
In this single-center, randomized, open-label trial, we found that nicorandil significantly reduced the incidence of PMI, mainly the levels of cTnT and CK-MB at 12 and 24 hours after ePCI surgery. In addition, our results also indicated that nicorandil did not increase the incidence of MACE (a composite of cardiac death, nonfatal myocardial infarction, new heart failure or coronary revascularization) within 30 days (12.16% in the nicorandil group and 12.50% in the control group). Furthermore, this result remained consistent in subgroup analysis. Our findings support the hypothesis that nicorandil can reduce PMI in patients undergoing ePCI and does not increase the incidence of MACE.
comparison with previous studies
Previously, a large number of studies have reported the relationship between nicorandil and PMI in patients undergoing ePCI. However, there is controversy regarding this conclusion. Some scholars support the hypothesis that nicorandil can reduce the incidence of myocardial injury, while the results of other scholars do not support this conclusion. For instance, Hwang et al 23 carried out a clinical study including 41 patients in the nicorandil group and 40 patients in the control group and found that nicorandil did not reduce the incidence of PMI in patients with stable or unstable angina. In addition, another study observed the clinical effect of intravenous nicorandil in preventing perioperative myocardial injury in the Japanese population. The results also support the hypothesis that nicorandil can prevent perioperative myocardial injury. 27 Similarly, another subgroup analysis conducted in diabetic patients demonstrated that nicorandil reduced perioperative myocardial injury in patients undergoing ePCI. 24 Interestingly, the findings also suggested that nicorandil improved left ventricular ejection Table 2 The levels of cardiac troponin T and creatine kinase-MB (cK-MB) at admission, 12 hours and 24 hours after operation
Characteristic
The control group 22 Since the issue of whether nicorandil can prevent perioperative myocardial injury is controversial, we previously conducted a systematic review and meta-analysis; 16 16 studies were included in our meta-analysis. Surprisingly, our findings showed that nicorandil was effective for the Chinese population, but not for the non-Chinese population.
The nicorandil group
P-value
In general, it remains controversial as to whether nicorandil can prevent perioperative myocardial injury in patients undergoing ePCI. Therefore, we performed this randomized controlled trial to explore the preventive effect of nicorandil on myocardial injury. The PENMIPCI trial is a single-center, randomized, open-label trial conducted in Guangxi, China. The result of the PENMIPCI trial found that the cTnT and CK-MB levels at 12 and 24 hours were significantly decreased in the nicorandil group compared with those of the control group (Table 2) following ePCI surgery. In addition, our results indicated that nicorandil did not increase the incidence of adverse cardiovascular events within 30 days (Figure 3) . Similarly, no significant change was found in subgroup analyses (Figure 4) .
The results of the PENMIPCI trial are partly contradictory to previous studies, and the possible explanations are 
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Ye et al as follows. First, there is a great variety in the drug delivery methods used for nicorandil. Some studies have used intracoronary injections of nicorandil, 22, 25 while others have been carried out using oral administration. 28 The different administration methods of nicorandil may lead to different results. Second, the difference in dosage is a possible reason leading to the different results. In some studies, the dosage of nicorandil was 4 mg once daily, 21, 23 while in other studies, the dosage of nicorandil was 20 mg once daily. 24 Third, there are also significant differences in the follow-up period over which major adverse cardiovascular events were observed. The observation time for some studies was 1 month, 6 months, or even 1 year. Fourth, some previous studies did not describe the grouping method in detail, which is one of the reasons leading to a mixed bias. In the PENMIPCI trial, all patients were randomly assigned to the control group and nicorandil group according to the random number table method. Fifth, differences in the research populations may be an important reason leading to inconsistent results, and this hypothesis can be confirmed by our previous meta-analysis. As is known, the adaptability and metabolic rate of drugs vary among different populations.
strength and weakness
Our study has several strengths. First, the analysis of the PENMIPCI trial was based on intention-to-treat principles, which is notably different from previous studies. In clinical practice, patients have the right to choose suitable treatment methods, and intention-to-treat analysis is more in line with the real world. In this case, we can minimize the confounding bias and reach a conclusion that is more consistent with the real world. Second, as a randomized controlled trial, the baseline information of the PENMIPCI trial was well balanced, with no significant differences between the groups. Under these circumstances, we were able to control the confounding factors to the minimum, thus increasing the reliability of the results. Third, subgroup analyses were also performed in the PENMIPCI trial according to age (age .65 years or age ,65 years), sex, diabetes, hypertension, dyslipidemia and smoking status. The results of the subgroup analyses did not change our conclusions, thus indicating the robustness of the PENMIPCI trial.
Our study also has several limitations. First, as a singlecenter study, whether the results of the PENMIPCI trial can be applied to other regions or countries still needs to be confirmed in further research. Second, nicorandil was administered orally in the PENMIPCI trial. Thus, it should be noted that the results of this study only indicate that oral nicorandil can significantly reduce the incidence of myocardial injury during the perioperative period and cannot represent the effect of intracoronary nicorandil. It is possible that the route of administration of nicorandil might affect the research results.
Conclusion
Our results suggest that nicorandil can reduce PMI in patients undergoing ePCI without increasing the incidence of MACE. The results are consistent in the subgroup analyses. Considering the difference in dosage and route of administration, this result still requires further confirmation.
